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MATEPHANOBEJIERHE

MNayab KeHOWAA,
Cepreu byabko

CBeXNPOBOGUMOCHTI:

CTAHOBHTCA TENNEE

Anbopua MArHAUS
CTAHOBUTCS
CBEPXMPOBOASILLM
npu Temneparype

B 40 K — aBCOAKOTHBIN
peKkopA

cpeAmn HU3KO-
TeMNepPATypPHbIX
CBEPXMPOBOAHMKOB.

pEMCTABLTE, YTO, KOMAS AMY

JUTST TPV HA CBOCM Ja9HOM

YHACTKE, BBl BAPYT HATBIKIC-
TECh HA 30J0TVIO AKMIY M U3 3CMIM
HadyrHAeT GHTE HEMTAHOM (POHTAH.
B OXO/KEH CHTYAIIMH OKA3ATHCD y4e-
HBIC, 31 HUMAIONHECs (PU3UKON TBEP-
noro teaa, korga s 2001 T ObLIO OT-
KPBITO, 4TO THOOPH/L MAITIHSL (MgB»)
HEPEXOAUT B CBEPXIPOBOAAIIEE CO-
CTOSAHUE [IPH TEMIIEPATYPAX, DIM3KHX
K 40 K — pCROPAHO BHICOKOE 3HAYCITHE
JU7TA OBBIMIIOTO HU3KOTCMIECPATYPHO-
'O CBEPXIIPOBO/IHHKA!

Vyerple HavaaIn H3y9ath Jubopi/]
mMardug eme B 1950-x rr., OJIIaxo M-
qero HeoObuHOro HE HATIA M 0T~
oKW 1A TTOJNKY, JAdKe HE MO03pe-
Basl O CKPHITHIX BO3MOKHOCTAX. XOTA
Temmeparypa & 40 K (-2337C) moxer
MOKAZATHCH JOBOIBHO HHM3KOH, O
[OYTH B JIBA PA3d BBILIC, YCM TEMIICPA-
TYpa Mepexo/id B CBEPXITPOBOAANICC
COCTOANNE U HHOOMEBRIX CIUIABOB
(npuMepro 23 K), KOTOPhIC NHPOKO
HPHMEHAIOTCH B HAYKE W [IPOMBIII-
nenHocTH, Tenepp TeMneparypy da-
30BOI'O NICPEXOAA BTOPOTO POAL MOMK-
1O JJOCTHYL TOPA3/I0 DOMCE JICIICELIM
CIOCOBOM, 4€M TTPH HCTTIOIB30BANIH
HMOOHUCBHIX CILIABOB. HOBBIT MaTe-
PHAT TIOMOHJIET /1A COBJIAHIS CBCPX-
NPOBOJAUHX MATHUTOB U THHHI
HIACKTPOICPEIaY.

B oTtan4ne OT BBICOKOTCMIIEPLTYP-
HBIX CBCPXIIPOBOAHMKOB (OKCH/IBI 114
OCHOBC MC/HM, KOTOPbIE CTAHOBATCH
CBEPXINPOBOIAILMK TpH 130 K) MgB,
SIBJSICTCH TPAJHUTITHOHIIBIM TTHIKOTCM-
MepaTypPHEIM, XOTH M HEOOLIYHBIM. 32
JICCATHUIICTHS ITOMCKOB HOBBIX CBEPX-
MPOBOJHUKOR C BRICOKHMH TCMIIC-
parypaMu nepexoja gpusnxkn cop-
MYTHPOBAIU HEKOTOPDBIC NPABNIIA,
KOTOPBIE OIPEAEIAIOT, KAKHC KOMOH-
HAIIMM ACMCHTOR CHEAYCT UCTIBITHI-
BaTh. KpoMe TOro, MHOTHM Ka3d/10Ch,
41O 23 K — 3TO npejici TemMneparTypol
AT TPAJHIHMOHHOIO CBEPXMIPOBO-
qmrEd. K 6oiabmomy VIMBIACHHWIO, JH-
BOPH/ MATTIHA BOIPCKH BCCM IIPABH-
JTAM CIBHIYJI IZTAHKY B 0O14CTD DOMnee
BBICOKWUX TEMITEPATyp.

Oyu Axpmuny (Jun Akimitsu)
u3 Yaupepcurera Aoambl Faky eI,
ToKNO, OOBSIBUI O CBOEM OTKPBITHH
B AHBape 2001 r. Beero apa mecAnd
CIIYCTS 1A ERETOHON MAPTOBCKOT
BeTpede AMEPUKANCKOIO pusnyc-
CKOI'O COOBMECTBA NMPO3BYYAI0 NIPH-
MEPHO CTO ABYXMHHYTHBIX JOKIA/I0B
0 HOBOM CBEPXTPOBOJIHHUKE, 4 HA
caifiTe drxiv.org NOABUIOCH Gonee
70 pEnpUITOB Ha 3TY TeMY. Bapois
AKTHBHOCTH HAYYHOI'O COODIECTRA
6B OOYCIOBIEH HECKOJIbKUMM [1PH-
YU HAMH. BO-MEPBLIX, [TOTYIUTh OTHO-
CUTEIBHO YHCTBIFT MgB; MOBOILIIO »

B oMUpe Kagkn
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NPOCTO. BO-BTOPBIX, B PACTIOPAKCHHH
(PHBHUKOB, 3AHHMAIOMIHXCS H3YICHH-
€M KOH/JCHCHPOBAHHDIX Cpe/l, Obl/
HMurepHer. B pesyinTare [ogBieHue
HOBOT'O IPOCTOrO CREPXIPOBOAHHUKL
CO CPaBHUTCIAbHO BbICOKOM TEMIIC-
PATYpPOH NCPEexo/id HHUOHHPOBAIO
GYPHYIO HHTCICKTYAIBHYIO JIEATENL-
HOCTD.

MoaATBEPXAEHUE OTKPLITUS

CH4a4aa4 HOBOCTH 00 OTKPBITHH
AKHMHIY PACHPOCTPAHATHCTH YCTHO
H 110 JIEKTPOHHON 1109T¢. HUKaKHuX
NoJAPpOOHBIX OVMIKHBIX HIH 3TCK-
TPOHHBIX HYOJAMKAIKA HC ObLIO.
Korjyia uepes HecKoJabKOo JIHEN [oce
cieTa (PU3HKOB MHPOPMALIHS JOTIITA
JIO HAILEH IPYIIIBL, ¥ HAC BO3HHUK Pl
BOTIPOCOB. MOMEM JIH MBI IIOJAYUYUTE
JOCTATOYHO YUCTHIN AUOOPH/ MaT-
Huda? JIeicTBUTENBHO TH OH CTAHO-
BHTCH CBEPXITPOBOAHHKOM 1P 40 K7
(Panee HEOJHOKPATHO COOBIMaNoCh
O PA3IHYHBIX CBCPXIPOBOJANNX CO-
CAUNCIHMAX C HCKIIOUHTEILIO BLICO-
KOW TEMIIEDATY PO LIEPEX0/1d, OAHAKO
HUKOMY HE Y/IdBAJIOCH BOCTIPOUZBCCTH
ONYOIMKOBAHHBIC PE3YILTATHL) Ecin
MgB, JACHCTBITCABHO ABIACTCA TICP-
CHEKTHUBIBIM CBCPXIIPOBOIHHUKOM,
CMOJKEM JIM MBI PACKPBITD MCXAHMGM
€ro CBEPXITPOROIUMOCTH? M, HaKo-
HEI, VAACTCSA AU HAM BBISIBUTD I'7TdB-

OB30P: AUBOPUA MATHNA

HBIC CBOFICTBA 9TOIC COCJIMHCHUS?
K cyacThio, HA BCE BOTIPOCH! ObLIT Aatl
MONOKHUTCIBHBIIT OTBET.

Korjga AKHUMHILY COOBIINIL © CROEM
OTKPBLITUH, ¥V HAC, KAK M V JPYI'UX Hi-
VHHO-MCCACOBATCIbCKMX KOJLIEK-
THROB, HAYAIACH HHTEPECHAA HKU3Hb.
MbI ¢ KOIETdMH CHCHHAIH3HPYEMCH
HA U3YYCHUH (PUIHMYUCCKHX CBORCTE
META/UTHYECKHX COCIMHENHI U 110-
TOMY CPABY OCBOOOMIN BCE [ICHH,
32/ICMCTBORAHHBIE B TCKYIIMX 3KCIIC-
PUMEIITAX, H O BITATHCH TTOTYYHTD
MgB..

JIMBOPH], MAT'HHUSL COCTOUT U3 JIBYX
METAJUIMYCCKUX BIIEMCHTOB. CaMbiil
NPOCTOM cNOCOO MONYVIUTL HHTCP-
METATH]] — IIPOCTO CIJIABHATDH 3jl¢-
MeHTH BMccTe. HOo B lannoM ciy4dae
TAKOH METOJ HE TTOAXO/NT, IOCKO/Ib-
KY TEMIICPATYPHI TUTABICHMIS CHIBHO
pasmuuaiores — 6507C s Maramna
n epbime 2000°C gns Gopa. Tak xKax
npu remaeparype suite 1100°C mar-
HHIT Y3KC KHIIHT, OH UCTIAPHIICS Ohl
npexjie, 4eM 00pa30BAJICH HHTEPME-
TAJITH/L.

OJIHAKO NCIAPCHHUE MATHWA VIAI0CH
HCIOJNB30OBATE B AJLTCPHATHEHOM
criocode nonayueHus. Mol 3apapuian
KYCOUYEK MATHHUI M OPOLIOK Hopa
BHVTPH XHMHHYCCKH MHCPTHOM T4~
JIOBOF KATICYJIBL U HAIPEIH CMECH IO
950"C, wrodnl MArHMi PACIIIABHIICH,

= B 2001 1. BbIICHMAOCb, YTO HNYEM HE NPUMEYaTEAbHEIN AMDOPUA MATHWUS CTA-
HOBMTCS CBEPXMPOBOAHMKOM NpK 40 K, 4TO NO4TW B 2 pA3A BbILLE KPUTUHECKON
TeMNeparypbl ARYTUX MOXOXKMX CBEPXMNPOBCAHMKOB, Paboyas TemMnepatypa
MgB, cocTasager npubansuteAbHo 20-30 K.

B ANGOPUA MOTHNS MOMKHO OXACKAATH XKUAIKMM HEOHOM MAK BOACPOACOM, O TAIK-
e C NMOMOLLBIO XOAOAMABHBIX YCTAHOBOK C 3AMKHYTBIM LIMKAOM. BCce 3T cnoco-
Bbl TOPA3AO ABLLIEBAE, YEM OXACHKAEHUE XXMAKKM reanem (4 K), koTopoe Tpeby-
€TC5 ANS HNOBUEBBIX CMIATBOB, LUMPOKO MRVMEHSEMEIX B MPOMBILUASHHOCTH.

B AMBOPUA MCTHWUS C MPUMECHIO YIASDOAC M ADYTX SASMEHTOB BeAST cebd He
XYIKE, A MHOTAQ ACKE AYYLLE, YEM HMOBUEBBIE CMACTBbI, ¥ OCTASTCS CBEPXMNPO-
BOASILLMM 8 MPUCYTCTBUW CUABHBIX MATHTHBIX MOAEH U SASKTPUYECKUX TOKOB,
HOBbIV CBEPXMPOBOAHWK MOYKHO MCTMOAB3OBATE ANSI CO3ACHMS MOLLHBIX MATHN-
TOB, 2KOHOMUYHBIX AMHWUIT DASKTDONEREAQY U CBEPXYYBCTBUTEABHLIX ASTEKTO-

OB MATHWUTHOTO MOAS.

HO He Kunesn. [Ipu Takol TeMnepary-
pe OPUMEPHO TPETh MAI'HHUA HCITAPS-
CTCs M HAXOJMUTCs B THHAMHIYCCKOM
PAaBHOBCCHM C KHJKUM METATLIOM. Mbi
[IPEANONATATH, 9TO TIOTHLI MATIHH-
CBBIF 11ap 34 cHeT MM YIHH NPOHHK-
HET B TBEPABII 60D, B PE3VILTATE YErO
moayauTtcsa MgB,. Beero vepes jiBa
YACd B KAICYIE MOMYYHICs JUOOpH/I
MATHHS BBICOKOT 4HMCTOTI B BHJIE CIIC-
YEHHBIX MTAPHUKOB, HATTOMHHAIONHX
necyaHuk. He mpomio u Tpex jiHeH.
4 MBI YJKE CMOIIH YOEUTHLCH, UTO 110~
JIVIEHHOE COCAUIICIIHE JCHCTBUTE b
HO CTAHOBHUTCS CBCPXUPOBOIAILIHAM
1pY 3asBAeHHON TemnepaType b 40 K.

Pazobpasiick ¢ moaydeHneM MgB,.
MBI PENTHIIN BHIACHWT D, OOBLACHIIOTCH
I €I'0 CBCPXIPOBOIANINE CBOHCTBA
TPAIMITMOHHON Teopuen bapaana—
Kynmnepa—Illpuddpepa (LKOL)
(ca. spesry ra cmp. 64). Ecam mosoc
COGIMHCHNC OKAKCTCH CBEPXIPOBO-
JIITUKOM HOBOTO THITA, TO MOYKIO OVIET
TOBOPHUTEL O BbIJIAIOIICMCS HAYYITOM
OTKPBITHH. ECIIN JKE €TO MOMKHO OTIC-
CTH K OOBIYHBIM CBCPXIIPOBOAHUKAM,
TO HOTPEBYETCH HAYHHOE OO BACHCHHE
HCKITIOYHTEILIHO BBICOKON TEMIEPATY-
PBIIEPEX0Jd B CBEPXIIPOBOJAIIEE CO-
CTOSIHHE,

o psajy NPHYHIL CPEIH HEKOTOPLIX
WCCIIE]IOBATENEH YCTOAIIOCHh MHEHHE,
4TO MgB; HE OTHOCHTCA K CTAH/IapT-
HBIM CBCPXIIPOBOJAHMKAM, ONMCHI-
BaeMmbiM Teopuern BKII Bo-nepnoix.
npeskiae yem B 1989 1. Ob11 OTKPLIT
HOBBIIT KJIACC BBICOKOTEMTIEPATY -
HBLX CBCPXIIPOBOJAHHUKOR, B TCUCHHE
JIBYX JICCATHIACTHI CYHUTANIOCH, YTO
Camast BLICOKAA TEMIEPATYpad CBEPX-
MPOBOAAINICTO MEPEXO/A HAXOUTCS
B pafione 20 K. HekoTopsie TeopeTu-
KM [PE/IoNarain, YTo Hpe/jcabHasd
BOBMOKHAA TEMIICPATYPA CBEPXITPO-
BOJIHIICIO [1EPEXO/1A B PAMKAX TEOPUH
BKII cocrasisieT npumepHo 30 K.
XOTSl BRICOKOTEMIEPATYPHBIEC CBEPX-
MPOBOAHUKNA HAd OCHOBC OKCHIA MCIH
CYICCTREHIO MPEBBICHIN 3TOT MPE-
JIes, OHH, KK ITOJIAradioT YYeHbIe, ViKe
HE OTHOCATCS K CBCPXITPOBO/IHUKAM
Tuia BKIL Bo-BTOPBIX, OTHOCHTCb-

HO BBICOKAS TCMIICPATYPA CBCPXIIPO-
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NPOK3BONICTEO NPOBOJIOB

BOJIAIICTO Mepexoaa y MgB, (Tax 1a-
3BIBACMAA KPUTHYECKASA TEMIICPATY A,
T.) napymaeT o/Ho U3 OCHOBONOIATd-
FONIMX TIPABHIL JUISL HHTEPMETAILTHYC-
CKUX COCAMHENHI, KOTOPOE IVIACHT,
4TO, UeM DONBINE MEKTPOHOB MOKET
VIACTBOBATE B (PA30BOM MCPCXOJIC
K CBCPXIPOBOJSIEMY COCTOALINIO,
TeM BBITIE BYIET TeMIepaTypa repe-
x0/11. KaK U3B€CTHO, HH MATHWM, 1
0P HE MOI'YT AdTh HHTCPMCTALIHLY
MgB, MHOT'O 3IeKTPOHOB.

ToABKO HENOCPEACTBEHHEBII IKCTIC-
DUMEHT MOI' HOKA3ATh, HOJYHHICTCS
M 3TOT CBEPXIIPOBOJAHHK TCOPUH
BKIIL. KimoueByio DO/b B HET UTPaior
KOJAEOATHA KDUCTAITHYCCKOM PEIICT-
xu. [Ipescrassre cebe, 9TO COCTARIIS-
IONTHE €€ THKEABIE MOJOKUTCIHHBIC
HOHBI VAECPHKMBAIOTCH Hid CBOUX MC-
CTAX CHJABHBIMH HIPYKHUHAME (XHUMH-
gyecKMMH cBazsiMu). Bosbyxkaenme
KPUCTAJLUIMYCCKON PCIICTKM, HATIPH-
MCP, IPH HAPCBANHH [IPOABISCTC
B BH/IC KOMEOANNUA MOHOB HA XaAPdK-
TEPUCTHUECKHX 4ACTOTAX. TeopHs
BKIII mpeacKaspBacT, 4TO TEMIICPATY-
DA IePexo/id B CREPXIIPOBOJIAIICE CO-
CTOSITTNE TTPOIOPHHUOHAbHA 4ACTOTE
KoseGaHNT pemeTki. JIs 06 bCKTOB
OIMHAKOBON (POPMBL H pasMepa, UeM
HIKE MACCOBOE YMUC/IO MATEepHUand,
TCM BBIIIE XAPAKTCPHUCTHYCCKIC Ya-
cTOTH Konebanui. Ipumensas pas-
JAMYHBIC T30TOTBI MAlHM 1 60PA, MBI
MOJKCM COCTABUTL MHTCPMCTAILIN]]
MgB, 13 aTOMOB PA3JAHYION MACCHI,
4TOOBI U3MCHUTD HACTOTY KOACOAHTTF
PEINCTKN M OIPCACACHHLIM 08PA30M
MOBAUATE HA KPUTHYCCKYIO TCMTIEPa-
TYpY 1.

EcTh JBAd YCTOHMYHUBBIX H30TONA
Gopa: 6op-10 1 6op-11. CornacHo Te-
opun BKII, T, nnsg AByX 06pa3loR
MgB,, ¢/Ic/IaHHBIX Hd OCHOBE Bopa-10
1 Bopa-11, JOJAKHB OTAMYATHCA HA
0.85 K. Ha 1IepBBIX CIICUCHHBIX MTAPH-
xax MgB, MBI OBHAPYIKHIN H3MEHCITHE
5 1 K. HemHOTO 60MLIICe H3MeHenue 7,
MO CPABHEHHIO C OXKHJAEMBIM MOXKET
ABITH UCTOJAKOBAHO B PAMKAX TCOPUH
BRI KaK yKa3aHUC HA TO, ITO Koneoa-
HHS ATOMOB O0Pa Dosee CYIECTBEHHbI
IS CO3JIAHHUA COCTOSTHMA CBCPXITPO-

|_| epes ABE HeASAN C MOMEHTT
0BBLABASHWA O CBERXMPOBOANMOCTH
MgB; Mbl pa3PABOTEAN TEXHOAOTUIO
3TOTOBASHWS NPOBOACS 13 STOTO
3aMEYATEABHOTC CBEPXNPOBOAHMKA.
WurepmeTtaanmna MgB, oBpasyeTtcs npu
BICUMOASIACTBUI NAPCE MATrHKS C GOpOM.

2TOT NPoUEect NPOACANKAETCSI HECKOABKIMX

YaCOoB NEW TemMneparype crkoao 1000°C.
Bop 3axeaTbiBaET NOPbLI MArHKS M3
OKPYKTKOLLEA CPEAL! M NPeBpaLlaeTcs

B MgB,, 3aMETHO YBEAUHMBOACH

B pA3Mepax. AAVHA BOACKOH BOPA MOXKET

AOCTUIQTE COTEH METPOB. B akcneprmeHTe

Mbl MCMIGAB3OBAAK HNTH AUCIMETPOM OT
0.1 MM A0 0,3 MM,

OTpe3sk NPOBOAOR MASAALHO
NOAXOANT AAN MCTASAOBOHMS CBONACTB
AMBopUAA MAarHus. OAHOKO YTOOb!

WX MOXHGO OBIAO MCMOAL3OBATL HO
NPAKTUKE, CBEPXMPOBOAHWK CASAYHOT
3AKAKOYUTE B MPOYHYIO NAQCTUYHYIO
NPoBOoASLLYIO 06oaoHKY. Mo Her
noteyer ToK, ecan MgB; yTpatut
CBEPXMPOBOAMMOCTb M OKCKETCS MOA
Yrpo3on neperpesa. ViccarepAoBaTeAsm
MOKA HE YAQAOCh CO3ACITE MOAXOASILLMIA
MATEpUaA AAA OBOACHIN.

Bonee pacnpocTpaHEHHbBIR MeTOA,
M3TOTOBAEHUWS MIPOBOAOB 3UKAIOHAETCH

B cAgayolLeM, CMeCh NOPOLWKOB MArHus
n6opa Albo nopoluok MgB, nomewarot
B TPYBKY, KOTOPYHO BLITATMBAIOT B NPOBOA,.

3aTem ero CTKUratoT U NOAyHaeTCs
LeAbHas CTRYKTYPA, TakMm cnocoGom
YACGETCA MoAYUaTs 0OPA3LE AAMHOM OT
AECSATKOB AQ COTEH METDOB.

HecMoTp$ HO TO 4TO
CBEPXMPOBOAMMOCTL AMBOPUAC
MArHus GbIAC OTKDBITA COBCESM HEATBHO,
HO Hero yxe obpatuaK BHUMAHUe
KOMMEPYECKAE KOMMNAHWK, Hanpumep,
Diboride Conductors u Hyper Tech
Research, 3aHUMAIOLLMECS COIACHUEM
W yAYHLIEHMEM NPOBOAOSE 13 MgB,,
aTaike KpynHasa dupma Specialfy
Materials, MetoLLas BOALLION OMbIT
NOU3BOACTBA HUTEM U3 Bopa.

BOAHUMOCTH, YEM KOACOAHHA ATOMOB
Marnus (Cm. gphes id cmp. 65).
bBam30cTh KCTCPHMEHTAIBHOIO
3HA4eHus K pacyeTHbiM 0,85 K nmoka-
3piBaeT, 410 nopejacHue Mgh,, ckopee
BCETO, VKJIAJBIBAETCA B PAMKH TCOPUU
BKII. OueBUIHO, HPCAIIOJNOKCHHC
O TOM, 4TO BEPXHUH TPEICT HHIKO-
TEMICPATYPHON CBEPXMPOBOJIUMO-
CTH pacronaraercs ua yposice 30 K,
HCBEPHO. DTO XOPOLIas HOBOCTD, TTO-
CKOJIBKY € TPAAHIMOHHBIMH HHTEP-
MCTAJIIHIHBIMH CBCPXTPOBOJTTMKI-
M FOPA3/10 ICIIC UMCTD JCII0, YCM CO
CRBEPXIPOBOJHUKAMI HA OCHORE OK-
cuja Mein. He nponio ¥ moyvn, a Mel

MpoBOAQ NOAYHQIOTCS NPW
B3QMMOASHCTBUM NAPOB MATHWA C HATLIO
13 Gopa.

Ha doTorpaduy NonepeqHoro ceveHns
NMPOBOAHKMKA 13 AMCOPUAC MOrHKS BUASH
LEHTDOABHBIA CepASYHMK U3 Bopuad
soAsdpama anamerpom 0,015 MM,

ViKe HAYYHIHCD MOJyYaTh yI0OHBIE
B IpUMEHEHHUT NPoBoAa n3 MgB,,
IPOCTO NOJBEPrad HUTOUKY U3 D0pa
BO3ICHCTBHIO MAPOB MAarHuA (CM.
BCMABKY BBEPXY).

MpumeHeHKe
CBepPXnpoOBOAHWKOB

XOTH CBEPXIPOBOAUMOCTD HAOMIO/ -
€TCA TOJbKO IIPDH HH3KHMX ‘l'CM]’[L’pll-
TVpax, CErojamnia Ona 1maxogmnT LL[Ml)O-
xkoe npuMmeHeHue. Haunbonee nmennoe
CBOHCTBO CBEPXITPOBOIHHUKOB — CHO-
COéHOCTh l'Ip()BO,H.U’I'h BLICOKHE TOKH
6e3 norepb 3HEPIUKU M 0€3 Harpesd.
HanpuMmep, cBepXOpoBOJSAUNA p

B oMape nayku
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WCTOPHA CBEPXNPOBORMMOCTH

BEPXNPOBOAVMOCTL BbIAC OTKPRHITA B 1911 1. AQTCKIAM
hraMKom XerKke KamepauHr-OHHecom (Heike
Kamerlingh Onnes), KOTOPbIA 3OHAMAACS UCCASACBAHUEM
SAGKTPMYECKIK CEOMCTE METGAACE NP HUSKMX TEMNEDATYPOX
W MCHOAB3OBOA INAKKIA FTEAVIA B KOYECTBE XAQACIEHTA. Ko
BCEOBLLEMY YAMBASHMIO BEIICHUAOCS, 4TO NPV TEMNEPAType
npumepHo 4,2 K pTyTs BHE3AMHO Nepecriaet OKQ3LIBATH
COMNPOTUBAEHUE SASKTPUHECKOMY TOKY. Temnepdrypy Nepexoad
B CBEPXMPOBOAALLEE COCTONHUE HO3BAAM KPUTUYECKON
Temnepatypoi (To).

3a caeayioLIMeE NoABEKA MCCAESACBAHUK BblAM OTKPbITHI
BCE OCHOBHBIE CBEPXMPOBOAHNKA — HNCTHIE METAAALI
W IHTEPMETCAAKABI, COCTOALLNE M3 ABYX U BoAEE METUAAUYSCKNX
SASMEHTOB. OAHOKO AC CEpeAnHbl 1980-X M. MAKCUMAABHOS
IHQYEHWE KDUTVHECKOM TEMNEDATY bl AULLE HEMHOTO
npessiwano 20 K.

Bee UaMeHUAOCH B 1986 T., KOraa BbIAC OTKDBITC
BLICOKOTEMMEPATYPHAS CBEPXNPOBOANMOCTE Y MHOMUX
COEAMHEHWUI HO OCHOBE OKCUAC MEAN, Bcero 3a HECKOABKO AET
MOKCUMOABHTS KPUTHMHECKAS TEMNEPATYPA CAQXKHBIX OKCHMACS
HO OCHOBE PTYTY, BAPWS, KAABLIMS U MEAM NOACKOHMAD MOHTH AC
130 K. Bcrope CTano SICHO, HTO CTABLLAs TROAVMLUMOHHOW TEOPUS
BapanHa-Kynnepa-Wpuddepa (cM. BoE3KY Ha CTP. 64) He
& COCTOSHY OBBICHNTS CBEPXNPOBOAMMOCTD TUX MOTEPUAACE
30 20 AST UHTEHCUMBHBIX MCCASADBAHMIA YHSHBIM TAK 1 HE YAQAOCH

160

STAMbI OTKPBITAS CBEPXMPOBOAMMOCTU

® CrepXnNPOBOAHUKA Ecpwm%(ynnepwﬁjpmb@epg
® CBEDXMPOBOAHVIKIA HO OCHOBES DKCHYAOE MEAN
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TeMneparypd (KeAbBIHbI)
o
o

pazpaBoTaTE TEOPUIO, OBBICHSIIOLLYIO, NOHEMY CAQMHbBIE
OKCUABI CTAHOBSITCS CBEPXMPOBOAALLMMI NPOK CTOAL BEICOKIX
TemMnepaTypax.

BLiCOKOTEMMERATYPHbBIE CBEPXNPOBCAHMIKM OKA3AANCE
Kpenkim opeLikom. To4HOe U3MepeHHe Ux dU3VHBCKMX CBOVUCTE
BECHMA 3ATPYAHEHO, NOCKOABKY NOAOGHEIE MATEPUAADI
OYESHb TRYAHO MOAYHITE B BUAS MOHOKPUCTAAAQ ALK AOBUTLCS
BLICOKOW OYMCTKM OT MpUMecei. Kpome Toro, CASACTE U3 HUX
NPUrOAHBIM K ICNOABZOBAHWIO MPOBOA COBCEM HE NpocCTo, T.K,
AAS BTOTO HEOBXCAMMO COPUEHTUPOBATE OTASABHEIS 3EPHO
OKCUAHOTO CBEPXTNPOBOAHMKA B OAHOM HAMPABASHWN. OAHUM
CAOBOM, yHYEHbBIE U UHIKEHEDEI TOTOBB BbIAK OCTABUTL CAONHEIE
OKCHAB PAAK Boree MPOCTsIX B 06PaBoTKe UHTERMETOAANAHBIX
CBEPXNPOBOAHWKOE, AL Bl KpUTUHECKTS! TemMneparypd
NOCASAHKX BbIAQ CYWECTBEHHO BbllLE 20K

C HOYAAG HOBOTO THICSHEASTHS CBEPXTPOBOAMMOCTE CTUAN
MOAYHQTb CPOBHUTEABHO NPOCTEIMK U ASLIEBBIMA cnocobamMi,
OKCUABI OXAKAQIOT NPUMEPHO AO 77 KOKUAKKM A30TOM,

O UHTEPMETAANYECKNE COBANHEHUA, TaKWE KAk NbzSn, — A0
A K MaKAM reanem. MocAeAHWE HOXOANT MPUMEHEHWE

B MOLLHbBIX MATHWTAX, BXOASIWLMX B COCTAB MEANLIHCKOTO
oBbopya0BaHMA.

OTKpbITUE CBEPXMPOBOAMMOCTH ANBOPUAC MATHWS, NPOCTOTO
MHTEPMETAAAMAT G KRUTUHECKOW TeMnepaTypoi Yy Te Hike 40 K,
OKG3AAOCH HACTOALLAM MOACPKOM AAST YHEHBIX M MHKEHSPOB.
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1960 1970 1980 1990 2000

MATHHT MOJKET CO34aBaTh MArHMTHBIC
NOIS MOIMHOCTBIO cBbime 20 T (py-
MepHO B 500 pas donbIIe, 9eM JaoT
TUNMYHLIC OXJIAKJIAEMBIC 3ICKTPO-
MATHUTH). HU3KOTCMIIEPATYPHBIC
CBEPXITPOBOAAIIIC MATHH T HCTION b-
3VIOTCH B 1a80pPATOPHAX 1 B 50Jb-
HUIIAX I8 SJE€PHO-MarHUTHO-PC-
sonancHoit romorpaguu. O6beM
MPOMAZK MATHITOR U3 HHOOHEBLIX M-
TEPMETATIHIOB U CIUIABOB HCYKJIOH-
HO pacTeT.

[OA OTKOBITHSI CBEPXMPOBOAHNKA

Jpyras nepenexrTupmas cepa npu-
MEHECH M — CO3JIAHHE TMHHH 3IEKTPO-
[epeiad, NepeAaion X TOKM G0JBIIOH
[IOTHOCTH MPAKTHYECKH €3 OTEPE.
Hcene oBaTeIn ViKe yCIemno mpose-
DI HECKOJIBKO ONLITHEIX 00Pasos
HA OCHOBC OKCH/IA MEH, OXJIAMIAe-
MOI'0 JKMJKHMM 230TOM MPHUMEPHO 10
L

Boo6ie ropops, 4To6b MPUME-
HATL CBEPXITPOBOAHMKN, UX CIC/YET
oxnamaats 1o 0,5-0,7 1., noTOMy 94TO

BOABNINE BICKTPHYCCKHE TOKH HIE
CHJIBHBIC MATHHUTHDBIE TIOJIS TIPU KPit-
THYCCKON TEMIICPATYPC VITHUTOMKAIE
CREPXIIPOBOAMMOCTh. CIEIOBATEIBHS
ecnu 1,=20 K, 10 pabo4as TEMIICPATI=
pa cocrasur 10 K, 1 CBCPXIIPOBOTES
OPU/AETCH OXTAKAATH HEeyJ00HB M
W JAOPOTHUM MKHIKMM FETHUCM.
VYeHBIC- T PHKIAAIMKE 3aUTITEPE-
COBAJNIUCH JIUDOPHMAOM MATHHWS TI0-
TOMY, UTO €r0 JIETYe OCTY/INTH 10 Pe-
ANBHBIX PAGOUHX TCMIEPATYP, €3

uans 200%
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VIVYIERKE XAPAKTEPUCTHK

IPUMEHACMBIE CETOJIA MHOOHERbIE
CIIIABLL M KAIIPHU3HBIC CHOMKIILIC OK-
crbl. CREPXIIPOBOAHHUK MgB,; MoxHO
OXJTKATD JIHO0 KU JIKUM BOAOPOIOM
S HEOTIOM, JINOO0 € IIOMOIILIO JCIIC-
BRIX PEMPUKEPATOPOB € 3AMKIHYThIM
HUKAOM, OBCCIICHHMBAIOMHX TEMIICPa-
TVpy Husxe 20 K.

OaHAKO TPEXJE, YEM HAYATH HC-
MOAL30BATH JIHEOPH/L MATHUA B [IPO-
MBILHIJICHHOCTH, CICIVET BBIACHHUTD,
HACKOJIBKO XOPOIH €T0 XapaKTepu-
cTukr. Ocodoe BHUMAHNEC OOBIYHO
VAENHETCH TAK HA3bIBACMOM CMCITTAH-
107 (hase, B KOTOPOI CBCPXIIPOBOIN-
MOCTD YACTHYHO YHUYTOKACTCA MaAT-
HUTHBIM 1TOJEM. [TpH HPakTHYICCKOM
IPUMCHEHHH CBEPXIPOBOAIMEK Hid-
XOAUTCH UMEHHO B TAKOM COCTOA HHH.
C1a6bI¢ MATHHUTHBIE 110J151 HE BIUAIOT
Hi CBEPXIIPOBO/IMMOCTL: CBEPXITPORO-
Astie 0daACTH IPOBOAHUKA BBITEC-
HAIOT HX 1 HE TCPSIIOT CBOMX CBOMCTE.
MarfmuTHBIE [TOJ151 CPCANCH Hanpa-
SKEHHOCTH MPOHKUKAIOT B CBEPXIIPO-
BOJIHHMK U OOPA3YIOT B HCM MaJICHDb-
KHC TPYOKH MArHUTHOTI'O TTOTOKA,
KOTOPDBIE MMTA3BIBAIOTCH BUXPAMH. MX
BHYTPEHIISASA 9ACTh MEPECTACT OBITh
CBEPXIPOBOAALLCH, OJHAKO OKPYIKI-
IOTITHTT MATEPHLI OCTACTCA CBEPXIIPO-
BOJHHKOM.

B cMemaHHOM (pase marepuan Bce
eme MPOIBISCT CBEPXTPOBOIAIINE
cROMCTBA. C POCTOM HATIPAKCHIOCTH
MPHJIOKCHHOIO MAIHUTHOTO TOIH
06'beM, 3AHATLIIA BUXPAMH, YBEIH-
guBAETCS. B KOHLE KOHIOB OHM Ha-
TUHAIOT NEPEKPLIBATLCH, M MATCPHA
HEPECTACT BbIThL CBEPXITPOBOIIHKOM.
HATIPSKEHHOC T MATHUTHOIO MO,
[IPH KOTOPOMN IIPOINAJIAET CBCPXIPO-
BOAMMOCTD, HA3BIBACTCH BEPXHEN KPH-
THYCCKON HATIPSKEHHOCTHIO MATHHT~
HOTO 1O (upper critical field). Do
KJHOUCBASl XAPAKTEPHUCTHKA, OITPC/IC-
AAI0MAS TPAKTHYECKYIO TIEHHOCTD
CBEPXITPOBOJIHHUKA,

Ha mpakTHKe O6BIYHO [IPUMEITSIOT-
C KAK MOKIIO 601CC CUIBHBIE MATHHT-
HBIC MO8, KOTOPBIE, BIIPOYEM, BCCTA
crabee [pejeabHOTO, YTOOk B 11EJ10M
COXPAHANIACH CBEPXITPOBO/UMOCTE.
[ToaTOMY THABHAA TICAb HCCIC OB~

|_| epCNEeKTMEHOCTL MPMMEHEHUS TOTO MAM UHOTO CBEPXNPOBCAHUKA ONReABASETCS
TeM, KAK OH NPOMNYCKOeT SAEKTPUYECKUI TOK, HOXOASICH B MATHUTHOM MOAe.

Ha rpaduikax BUaAHO, YTO ASTUROBAHUE MPUMECSIMU YAYHLLIAET PH3Kieckre
XapaKTepucTuk MgB, U A8ATET 810 He XYdKe, T B 4eM-TO AQ3KEe AYHLIE NPUMEHSIEMOrO
8 NPOMbILASHHOCTH NE3SN. AEBbIA TpadKK NOKA3LIBAET, HTO TOHKAS GOALIC 13
ANBODMAC MATHWS C HEWN3BECTHEIM COAEDKTHEM MPIMECE U NPOBOA U3 ANCOPHUAT
MATHWS, ASTUPOBTHHOMO YIAEROAOM, MPW AIOBBIX TEMNEPATYPAX COXPAHSIIOT
CBEPXNPOBOAMMOCTL B CUABHOM MATHUTHOM NoAe Aydwwe, 4yem NbsSn, Kpussie cnpasa
(NOCTROEHLI NMPK 4 K 30 NCKAKYEHNEM 0COB0 OTMEHEHHBIX CAYYOEB) CBUASTEALCTBYIOT
G TOM, 4TO MgBy, AETMPOBCHHBIA KAPBUACM KPEMHME, He xyxe Nb3Sn nponycraet
CHABHBIE TOKK. LUITPMXOBOM AMHWEN OBC3HAYEHB! AQHHBIE, MOAYYEHHbBIE C MOMOLLBIO

MHTEPNOASALMK.
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TeNeH — [OJYVIUTL MAKCHMAIbHbIH
JIMATIA30H TEMICPATYP U MAIHUTHEIX
TONEH, PH KOTOPLIX COXPaHAETCA
CMEMAHHA CBEPXIPOBOAUMOCTD.
[Ipu TeMIepaType 9y Th HUEKE T BCPX-
HeAA KPUTUYIECKAA HANPSIKCHHOCTD
TOJIA TPAKTUYECKH PaBHA HYJIE): JAKE
C1a6CHBKOE MATHHUTHOE HOJIC YHUYITO-
JKAET CBCPXTTPOROAMMOCTE. [TpH fonee
HH3KUX TEMIIEPATYPAX CBEPXIPOBO-
AUMOCTE COXPAILICTCS B YCIOBHAX 5O~
JICC CHUBITBIX MATHHTHBIX TIOJICH (CM.
BCINABKY BBLHLE).

K ¢c4aCThlO, BCPXHiA KPHTHYCCKAA
A PSIKCHHOCTE TIOJIA THOOPH 1A MaT-
HPA 3dBUCHT OT TEXHOJIOTHH €10 [1PO-
uzpoacrsa. Haupumep, cenm 5% 6opa
3aMEHUTH YIVIEPOAOM, OHd MOXKET YBC-
AYIATEC O0Jee ueM B 2 pasal Kpome
TOI'O, OKA3410Ch, YTO TOHKHE [TICHKH
u3 MgB, XapakTepH3yoTcs HadMHOIO
6onee BBICOKHMHA 3HAYCHHAMHN BEPX-
HEH KPUTHYECKON HANPIKCHHO-
CTH O, 9€M IVICHKH U3 CTaHNIL
nuobus (NbySn). MccnenosareniMm
O4YCHb BAKHO PA300PATHCS B 310M
(pEeHOMEHE 1 BBIACHHTE, 9TO CIOCO6-
CTBYET TAKOMY VBEJIMYECHHIO: MATOC
COJICPKANNE KHCTOPO/A, CTPYKTYP-
HBIC HANPSIKCHNS MM HE3dMEYeH -
HA4s [IPUMCChH, JETUPYIONas MIeHKY
HEMPEACKAZYEMBIM 00pasom. Tak nin

Kputu4eckas nAQTHOCTL ToKa, Afcm?

MarHutHoe noae, Ta

WHAYC, COBEPIICHHO ACHO, 4T0 JIHO0-
PHJ MATHHA — MHOTOOOENAIONHI
MATCPHAT TS TPOU3BOJICTBA CBCPX-
NPOBOAANIINN MATHHUTORB, KOTOPLIC
SYNYT padOTATE MPU HONEC BHICOKUX
TEMIIEPATYPAX H, BO3MOKHO, BoJee
CHJIBHDBIX MATHHTHBIX [TOJAX, 9CM
CTAHHMJ HHOOUS, KOTOPLIT MHUPOKO
HUCIIONB3VETCH CCrO/IH . b

OB ABTOPAX:

NMayab Kenduaa (Paul C. Canfield)
1 Ceprein byasko (Sergey L. Bud'ko)
paboTaoT B Aaboparcpuu 3nmMcda
MuUHMCcTEpCcTea aHepretukn CLUA,
wrar Anoea, KeHnduaa 3aHUMAET NOCT
npodeccopd GUaUKKM U ACTPOHOMKWK
B YHuBepcuteTe wiata Anosa. OH 3a-
HUMARTCS CO3AQHUEM HOBbIX CBEPX-
MPOBOASILLMX MOTEPUTACE U U3YYESHN-
&M H13KOTEMNEPTTYPHBIX SASKTDOHHbIX
U MOTHUTHBIX COCTOSIHUI METaAANYE-
CKUX COepAUHEHUNA. BbYAbBKO nayvaer
TEPMOAWHOMWYECKMNE, MATHUTHLIE
1 NPOBOASILIME CBOUCTBC HOBLIX MOTE-
DWAAOB, MAC3MEHHbIE KOASOOHNS B Me-
TAAACK W MOAYMETAAATX, GU3NHECKNE
CBOWMCTBA DABAMYHBIX BELLECTB NP Bbi-
COKOM ACIBAGHWM, MOLLHOM MOTHUTHOM
MOAE U CBEPXHWIKMX TEMNEepaTyPaX.

8 mnpna uaunbn
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NPEACKASAHHA TEOPHH bKW

1957 r. AokoH bapauH, AeoH Kynnep

1 Pobept Wpuddep NpeAroKMAK
TEOPUKD CBEPXNPOBOAMMOCTI
METOAAOB. B OBbIYHOM, HE
CBEPXMNPOBOASILLEM MATERNANE
NOTOK SAEKTDOB PACCEUBOETCS HA
AePeKTax KPUCTAAAMYECKON PeLUeTKH,
KOTOPLIE U CO3AQIOT SAEKTPUHECKOS
conpotueaeHue. COrAacHo Tecpumn
BKLL, cBepxnpoBOoAVMOCTE HOCTYNaeT
TOTAC, KOTAC SASKTDOHHBIN ra3
HQYMHOET NepeMellaThCsl KAaK SANHbIA
KOAASKTUBHBIM OBBLEKT, ABMIKYILLIMICS Be3
paccensaHmsl,

Menb4aRwnMmM SAeMEHTOM HOBOTO
DAEKTROHHOIO COCTOSIHS SIBASIKOTCS
TAK HO3bIBOEMbIE KYNNepoBCKMe
napskl, CocTosILME U3 ABYX cAabo
CBA3CHHBIX ADYT C ARYTOM SASKTPDOHOB.
HesosmosHOe Ha NepBbIf BIrAsA,
NpUTSHKEHVE ABYX OAMHAKOBO
3APSLKEHHBIX HOCTUL, BO3HWMKOET M3-30
TOrO, 4TQ METAAA COCTOMUT HE TOABKO 13
SASKTROHOB, HO W M3 NOADMMTEALHbIX
MOHOB. ABWIKYLLMIACH B METAAAE
SASKTPOH OCTABASIET 30 CODON CABA
B BUAE KDOTKOBREMEHHLIX MCKCKEHWA
KPWUCTAANMYSTKOW peLueTiu,
NPUTSTMBAIOLWMX ADYTOA ASKTPCH,
0Cpa3yoWMIA BMECTE C NepBLIM
Kynnepoeckyo napy. (fosops To4Hee,
CNApMBAHMAE SASKTROHOB MPOUCXOANT
NoA BOSASHCTBUMEM KOASDAHWA peLLeTKIM
OrNpeAeAEHHOW HYOCTOTH.) 3AECh
MOXKHO NMPOBECTU AHQAOTHIO C ASTbMU,
NPbLIFSIOLWLKMMK HQ BATYTE: XOTS OHK
HAMNPAMYyIC He CBSI3aHbI, AeGopMaLMm
BATYTA BO BREMs MPLBKKOR BYAYT
CNoCOBCTBOBAThL MX CHAMMKEHMIO.

KynnepoBcKkMe SAeKTROHHbLIE Naphbl
HOYNHOIOT HOKATABIBATECS ARYT
HQ ADYTC, MPW TEMNERATYPE HUXKE
KpUTUYeCKon (T.) 0BpasyioT SASKTROHHOEe
COCTOSIHME, OXBATLHIBAIOLLEE BECH
MNPOBOAHMK, U NMEepeCcTakoT UCMbITbIBATL
BAEKTPHHECKOE COMNPOTUBASHKE,

Apyroi BasHOM XapaKTEePUCTUROM
SBISIETCS KPUTHYCCKAS IJIOTHOCTD
TOKd — MAKCHMAJIbHOE OTHOUIEHHE
CHJTBI TOKA K TUIOMA/H HOICPCYHOLIO
CEUEHMS MPOBOJHNEKL, TTPH KOTOPOM
[OCACAHHI OCTACTCH B CBEPXIPOBO-
JEICM cocToanru. Korja mioTHocTb
TOKA TPEBLIIACT KPUTHYCCKYIO, BHY-
TPH NPOBOJAHHKA HAYMHAIOT CKOMh-
3UTh MAIHHUTHBIC BUXPH, 9TO ITPUBOJHT
K IIOTEPE SHEPIHU U BOZHHKHOBCHHIO
HEHYJIEBOI'O 3JIEKTPHUYECKOTIO CONPO-
THBACHUA. YTOOB NIPOTHBOCTOATH
ITOMY, BUXPH MOKIO 3aDHKCHPOBATD,
BBC/IA B CBCPXITPOBOAHUK HYKHBI THI
KPUCTAIANYECKAX lepekToB. HacTo
aperT PrUKcaALHM YAACTCA YCHIUTD

KPUCTAAAUNYECKAS PELLIETKA CBEPXMPOBOAHWKA
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QoOpMUPOBAHWE KYNEPROBCKMX NAP B KOHEYHOM MTOTE NPYBOANT K CBEPXNPOBOANMOCTH
CAWH SABKTROH OCTABANET 30 COBON MCKAXKEHNS PELWETKM, COCTOSILLSA 13
NOACXKUTEABHO 3CPSHKEHHbBIX MOHOB (ABbLIN DUCYHOK). BCKODE APYrOn SAEKTPCH
NPUTATMBASTCS CTYLWEHUEM NOAOKNTEABHO 3APSIKEHHBIX MOHOB (MO OBbIN DUCYHOI), B
pesyALTaTe 06a SASKTPOHA OKA3LIBAKOTCS CAQDO CBAIAHHLIMU.

COrAQCHO YNPCLLEHHOA Teop K
BKLL, T, 30BMCKT OT TPEX CBOMCTB
MATEPUAAT: KCANYECTBA SAEKTPOHOB,
KOTOPLIE MOTYT Y4YACTBOBATh B CO3AQHUU
COCTOSIHUS CBEPXTPOBOAVMMOCTH (HEM
BOoAbLIE SASKTDOHOR, TeM Bie [),
XAPRAKTEPUCTUHECKON YOCTOTbI
KOASBAHWI PELLETKY, BOBASKAIOLUX
SAEKTROHBI B OBDPT30BAHNE KYNEPOBCKMX
nap (4em Bellue YocToTA, Tem Bbille 7)),
1 CUALI CLEEMAEHWSI MEXKAY MCKAKEHUIMM
DELWEeTKN 1 SASKTDOHAMK (HeM CUAbHEE
cuenAeHve, Tem Bele 7.), B teyeHne
MHCTUX ACATUAETUIA UCCASAOBOTEAN
3AHUMAAMCE B OCHOBHOM ONTUMU3ALMER
nepe4yncAaeHHbLIX CEOI;ICTB, NelTasiCb
NOAYYUTb KOK MOXHO BOAEe BbICOKOEe
3HaveHwre I.. PaHblUe NpeAnoyTeHie
OTACBAAOCH NEPBLIM ABYM
XAPAKTepucTUKam Matepraad. Cyas no
BCeMy, AMBOPKUA MArHUA OBACAGET CTOAL
BbICOKOWN KRPWTUHECTKOW TeMNepaTypomn
113-30 BOAEE CUABHOTO CLIENASHWS
SASKTPOHHOTO ra3a C UCKADKEHUIMMA
peleTkn (TReThs XAPAKTEPUCTUKA).

B PE3VIBTATC YMCHBIIICHM A 3CPITd (or-
ACIBHDLIX KpI/ICT:UIHIITOB) MATCPHAIA,
KOTOPOE INIPUBOAHT K VBEIUYCHHIO I10-
BCPXHOCTH, Hd I{O'l‘()p()ﬂ TOPMO3ATCA
BHXPH. Jobasnernue MHKPOCKOITHYC-
CKMX BKJIIOYCHWH OKCH/1A HUTTPHA HITH

,uiiﬁ()pl‘mkl TUTAHA TOKC C[I(JCO6C’1'B}'C'['

(pHKCAITNH BUXPEIT.

OCHOBHAA TPYAHOCTD, CBA3AHHAA
C CO3JJAHUCM IIPUMCHUMOTIO HA MPaK-
THKC MgB,, cocTOUT B yBCAHYCHHHA
KPUTHYECKOI TNOTHOCTH TOKA NIPH
CHJBHBIX MArHUTHBIX NOAAX. B cna-
OLIX MOMAX KPUTHUECKAS TMOTHOCTD
TOKA 171 9ucToro MgB, conocTasuma
C TAKOBOM U151 NDb3Sn, HO B CHJIBHBIX
OHA NAJaeT HAMHOI'O ObICTpEE, DTO

YAEABHOE CONPOTUBASHUE,
OTHOCUTEALHLIE SAMHKLLI
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YASALHOE COMNpPOoTUBASHIE ANBOPUAC
MArHWS NAACET A HYASl, KOTAQ MATEPOA
OXACKACHOT HAXKE €70 KPUTUYECKON
TeMNepaTypbl (MPUBAK3UMTEALHO

40 K). Kputyeckas temneparypa
obpa3LoB Ha ocHoee Bopa-10 1 Gopa-
11 pasanyaeTcs, 310 CorAacyeTcs

c Teopuei BKL n cemaetenscieyer

O TOM, 410 M@Bs — TROANULMOHHBIV
CBEPXNPOBOAHWK.

CCPBC3HOC MPCIATCTBUC U HICITOT
S3OBAHMSA I[I’Iﬁ()pkl,’lll MAI'HTHMA B MOIILTH

MATHHUTAX. BH[)O‘ICM, H3YUYCHHUEC HOBO

'O MATCPHAId BEJIETCH OYCHb dKTHEE

M YHCHBIC HAJCIOTCS B CKOPOM Ova

micMm jLO'(’)H'I'I)CH 3AMETHOTO VAYYIIICHIS

Cr'o X4paKTCPHUCTHK.

Mpowaoce,
HOcTOsIWEee U Byayliee

OTKPBITHE BHICOKOTEMIIEPATYPIIOS
CBEPXIIPOBOAUMOCTH B AUDOPH I

MATrHKMA — 3TO HTOI ACCATHIICT

YHOPHBIX LICC!ICH()B’LIII}II?I, 4 TAKEC

HAIIOMHHAHHE O TOM, YTO V KAKIAOI

CPOPMYTHPOBIHHOTO TEOPETHE

MH IIPABHIA €CTH HCKIIOYCHMS. Xom

G4 B Mipe wagko



CTPYKTYPA COEJHHEHM

MgB, ussecren yxe 6osce oayse-
K4, €0 HUKOLJd HE NPOBEPAINA HA
CBEPXMIPOBOIMMOCTD, OTOMY YTO OH
HE COOTBETCTBOBA YCTOABIICMYCS
[IPENCTABNCHUIO O MTEPCICKTUBHBIX
CBEPXMPOBOASIIHX HIITCPMCTAITH-
1ax. K ¢9acThIO, B MONCKAX HOBBIX Ma-
TEPHAJIOB MBl HHOI/[A CTBITITHM I'OJI0C
MPUPO/DLL 34 NIYMOM COOCTBEHHBIX
1peyOCKICHHA.

34 nocaeHIE YETBIPE FO/IA MBI MHO-
rO€ Y3HAIU O CBCPXIPOBOAUMOCTH
AubopuId Marnmns. Ternepb HaM SCHO,
KAKOBBI CBOMCTBA BbICOKOOUUIITEHHO-
ro MgB,, 3HaeM, KaK H3MEHHTE €ro,
YTOOLl PACIIHPHTD IHATIA30H JIOTIY-
CTHMDBIX MATHUTHBLX 1107I€M H IVIOTHO-
CTer TOKA, [IPK KOTOPBIX MMEET CMBICTT
€ro [IPAKTHYECKOC IPHMCHCHUE. YIKE
[IPOBEJEO IPOBHOE UBTOTORIEHHE
TIOKPRITH I HA CBEPXITPOBOJISITIIUE TIPO-
BO/IA M3 MgB, 1 1ake C/Ie/TaHbl IKCIC-
PHUMCHTAIBHBIC MATHHTHL OJIHAKO €1e
HYHO [IPHIOKATE HEMAJIbIC YCHITH A,
4T06bl ONTUMHU3NPOBATE CBOMCTBA
VAHBUTEILHOIO CBEPXMPOBOJAHHKA,
JETAITHLHO TPOPAdOTATh TEXHOMOIHIO
ero 00paboTKH, a4 TAKAKE NOJ00PaTL
MOAXOAANINA MATCPUAJ A TTIOKPbI-
THSI IIPOBO/OB.

B nemom npuMeHenue MgB; Bbi-
TASAHUT BECHMA HEPCIECKTUBHBIM,
JleficTEUTENREHO, €CAH TTPOM3OHAET
NEPEOPUEHTANINA SKOHOMHUKH HA
BOJIOPOJHOE TOILUIMBO, TO MgB,; Mor
OBl 3AHATL CBOIO NPOMBIIIACHHYIO
aumy. Eciyu norpedyeTcs MPou3Bo-
JIATH OOJBIINE KOJMYCCTBA BOJIOPO-
713, HATIPHMED, MU MOAYABHBIX I'd30-
OXJIAM/IAEMBIX AJCPHBIX PEAKTOPOR
¢ mapossiMu TBDJI-amu (pebble bed
modular gas cooled reactor, PBMR),
TO IPHJIETCH PElaTh TPOBIeMy Cro
TPAHCIIOPTUPOBKH. BOZMOXKHO, 11O-
ABITCS TCIION30THPOBAHHbIE TPYOEL,
HECVINHE KUAKHUA BOJOPO/ [IPHA TCM-
nepatype Husxke 20 K (Touka KUIeHUA
BOAOPO/A). B UX TCPMOUIOJIALLMH
MOIJIM 6bl PACHIONOKHTLCA STEKTPH-
MECKUE Kabenr U3 AUO0pHIa MATHWSL,
XOoTsd CCrojiHs TAKOH IPOCKT CMaxXU-
BAET HA HAYYHVIO (PAHTACTHUKY, HE UC-
KJIIOYCHO, 4YTO B Oyaymem on 6yjaeT
CEPBLE3HO U3YUECH.

rAOBHon NPHYAHG YAMBUTEALHO BLICOKOM KDUTMYECKOM TEMNEPATYPbl AGOPUAC
MCITHIS — CUABHOE B3AMMOAEACTBNE SASKTPOHOB C ONPEASASHHbIMIA MOATMMN
KOABBQHWA PelleTK, OBYCAOBASHHOE CTPYKTYDON COSANHEHMS 1M TUMTIOM E70

CBSI3EN.

ATtowmbl 5opa B MgB, 060a3yioT LUSCTUYTOABHYIO COTOBUAHYIO CTRYKTYRY
(0B03HAYEHO KPOCHbIM HO ACBOM pHCYHKE). CAOM BOPA OTASASHE! ARYT OT ARYTO
CAOSIMK ATOMOB MQTHMS (CHAHMI). SASKTOOHDI, OTBETCTBEHHbBIE KK 30 ODLIMHYHC
SAEKTPUYECKYIO MPOBOANMOCTb, TAK 1 30 CBEPXMPOBOANMOCTL, MPEAOCTABASIIOTCS
QTOMAMU BOPA W YHACTBYIOT B OAHOM K3 ABYX TUMCB CBA3EI (CM. MDABAIA PUCYHOK).
B npeAeAdx CAOEB 6Opa PACAOAQTQIOTCS CUABHBIE XMMUHECKNE CBA3U; MEXAY

CAOSIMIA CHW HOMHCTO caabee.

Ha 3AeKTPOHbI MPOBOANMMOCTH, YYACTBYIOWME B MACHTPRHbIX CBSI35X, O4EHb CUABHO
BO3AEVCTBYIOT MPOACABHBIE KOASBAHNSA ATOMOB (MOKA3QHO CTRPEAKAMIM HO PUCYHIE
cAeBa). B pesyAsTaTe BOZHUKAET SAEKTPOHHOS COCTOsHME, obecneymnsailiee
CBEPXNPOBOAVMOCTL NPW BOAEE BEICOKMX TEMNEPATYPAX.

WN3ayteHune AMBOPUAC MArHWS MOMOTAQ YYEHbIM OTBETHTL HO MHTEBECHE MLV
BONPOC GUIVKK CBERXTIPOBOAHKKOB: MOXET AV CHCPMUPOBATLECS COCTOSIHME
CBEPXNDOBOAVMOCTI 13 ABYX PA3AMYHBIX NTOACUCTEM KYNNEPOBCKMX Nap?
PeayALTATEl 3KCMEPUMEHTOB CBUAETEALCTBYIOT O TOM, 4TO B MgB,; BCE TaK 1 O6CTOUT:
HOBbI CBEPXMPOBOAHUK CTAA NEPBBIM KPACHOREYMBBIM NPUMEPOM TAKOTO SBASHUS.

I[Tocae OTKPBITHA NCPBOTO BbI-
COKOTEMIIEPATYPHOTO CBEPXTIPO-
BOOIHUKA MCCHEJOBATCIN HAIIIHU
MHOKCCTBO CBEPXNPOBOIAANIHX
CHIOKHBIX OKCH/IOB MEAK. QIHAKO /10
CHX ITOP HE OBLJIO OTKPBITO HUKAKHX
HU3KOTEMITEPATYPHEBIX CBCPXIIPOBO-
JHHKOB C 4HOMAJILHO BLICOKOI K-
TUYCCKOM TEMNIEPATYPON, KpOME
aAuGopuaa Maruus., QOHaApYKCHHC
BLICOKOTEMITEPATYPHON CBEPXIIPO-
BOAUMOCTH CJOAKHBIX OKCHTOR MEITH
HATIOMHHAET OTKPLITUE HOBOTO HC-
HCCIEOBAHHOIO KOHTHICHTA, 4 BBI-
SBIEHWE CBEPXIIPOBOAUMOCTH MgB,
HOMBIIE HOXOKE HA OTKPHITHE OT/d-
JICHHOI'O OCTPOBA B XOPOTIO MCC/Ie-
JIOBAHHOM apxuiejare. CTaHeT Jau
AUOOPU MATHHA TOCACAHHM 3BC-
1IOM B 1IEIIH TPAJHIIHOHIBIX CBCPX-
IIPOBOAHHKOB MM HAC €LIEC KIAVT
VAMBHUTEILHBIEC OTKPBITHA — [IOKA-
aKeT BpeMs. B
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